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A.  PURPOSE 

A-1.  Introduction 

A-la.  For  the  past  six  years,  the  design  of  air  supported  radomes 
and  their  supporting  toirers  has  been  based  on  the  recommendations  outlined 
in  the  Design  Manual  for  Spherical  Air  Supported  Radomes  (Ref.  1).  This 
Manual  was  prepared  using  the  classical  pressure  distribution  around  a sphere 
as  a basis  for  the  aerodynamic  loading  on  the  radome*  This  distribution  was 
modified  tb  take  into  account  the  effect  of  the  ba^e  tower  on  the  airflow 
across  the  radome.  The  theoretical  calculations  were  also  correlated  with 
the  limited  amount  of  wixul  tunnei  test  data  available  in  order  to  arrive  at 
reasonable  design  values*  Design  recommendations  based  on  these  data  were 
believed  to  bp  oonsezvative  and  suffibiently  accurate  for  design  puxposes, 
prcnrided  that  recommended  factors  of  safety  were  maintained. 

A-3b.  Recently,  jiOKever,  a need  has  arisen  for  radomes  suitable 
for  use  in  ai^e  where  wind  velocities  of  150  are  likely  to  be  encount- 
ered. the  fbroeb  which  such  winds  would  impose  on  the  radome  envelope  and 
tower  are  over  ^0%  'greater  jbhan  those  resulting  from  the  125  nph  winds  con- 
sidered aaximum  at  the  time  th^  Manual  was  prepared.  More  accurate  data  are 
thus  required  to  insure  an  eoOliomioal,  yet  adequate,  structural  design. 

A^O.  It  was  decided  that  a wind  tunnel  program  would  be  the  op- 
tiaaim  method  of  Obtaining  tower  loading  and  other  data  required  for  design 
puxposes;  Ih  order  to  obtain  maximum  value  fwom  the  program  it  was  decided 
that  the  effect  of  the  following  parameters  sh^Aild  be  investigatedt 

(1)  Wind  qpeed  (up  to  200  mph) 

(2)  Internal  inflation  pressure 

(3)  Angle  of  attack  (simulating  a hilltop  installation  with 

wind  sweeping  up  over  the  radome) 

(U)  •Reynolds'  nuniber  (to  detexuine,  if  possible,  variation 

in  lift  or  drag  coefficient  with  Riy- 
nolds'  number) 

A-2.  Prcblea  Breakdown 

A-2a.  Dseitn  and  yabiication  of  Wind  Tunnel  Modelt  A l/2it-seale 
wind  tunnel  model  was  designed  and  fabricated,  using  a light  weight  two-ply, 
U5*^  bias  constxuoted  neoprene  coated  nylon  envelope  and  a rigid  plywood  tower 
having  a shape  similar  to  the  ANAPS-6  arotio  tower.  The  radome  envelope  was 
attached  to  a base  angle,  inetxumented  eo  that  shear  and  tension  loads  acting 
on  the  tower  oould  be  measured.  Pressure  taps  were  installed  in  the  radome 
envelope  and  tower  so  that  pressure  data  oould  be  obtained.  Proviaion  was 
made  for  eontrolUng  inflation  pressure  inside  the  radome.  A more  detailed 
rteficrlptlon  of  the  model  la  given  In  Part  C of  this  report. 


A-”2b,  Wind  Timnel  Tests:  The  model  was  installed  in  tlie  Cone'll 


Aeronautical  Laboratory  twelve  foot  variable  density  wind  tunnel.  All  pres- 
sin’e  and  electrical  lines  were  connected  and  checked  out.  Five  wind  tunnel  " 
runs  were  made  as  follows: 


(1)  Tower  levels  l/2  atmosphere,  velocity  50-200  miles  per  hour 


(2) 

(3) 


ik) 

(5) 


Tower  level,  1 atmosphere,  velocity  50-200  miles  per  hour 
Tower  tilted  15  degrees,  1 atmosphere,  velocity  50-200  miles 

per  hour 

Tower  tilted  30  degrees,  1 atmosphere,  velocity  50-200  miles 

per  hour  i; 

Tower  level,  1-1/2  atmospheres,  velocity  50-175  miles  per  hour; 


A-2c.  Calculation  of  Data  and  Final  Report:  Following  the  wind 
tunnel  tests  .■<*,  was  neoessazy  to  reduce  the  test  data  to  a form  suitabls  * 
for  ooiBi)ari8on  ind  presttitation.  This  work  included  the  calculation  of  strain 
gage  loads,  pressure  coefficients,  tunnel  pazameters,  plotting  of  pressure 
data,  calculatioh  of  thecrctioal  loads  to  compare  with  strain  gage  data,  etc* 


The  resulti  Cf  these  osloulations  are  presented  in  Section  C of  this  report* 


csiim  nLCTo^  ikti 


6-1*  IdwatifleatlCtt  of  technicians 


the  followini  inditiduals  were  the  major  technical  contributors  to 
this  ^(^rwm*  From  time  to  time  other  engineers  spent  small  amounts  of  time  ^4^ 
Ch  ^e  project,  but  ^eiC  are  not  ^eluded. below.  Also  not  identified  are 
the  eloetronlo  and  ttsohanical  technicians  and  shop  personnel  whose  work  wai 
done  under  the  supervision  of  the  Hated  personnel. 


, 'i 


'Bird,' 'k*"0*' 

V R*F*l4 1 ft  *S*  in  Aeronautical 
191(6-191(7  Ingineer,  Aircraft  Laboratory,  Wzli^t  Field 

Jbiglneer,  Applied  Flysics  Lab.,  Johns  Hopkins  Univ* 
Head,  Operating  Section,  Wind  Tunnel  Dept.,  Cornell 
Aeronautical  Laboratory 


1 1 TiJ 


■4A 

■ E 


2* 


Bird,  f*  1* 

ll*I*T*>  B.S*  la  Aersnautioal  Engineering 

M*Z*T*i  Fellow  in  Business  and  Engineering  Administration 

1931('-1939>  Engineer,  Pullman  Standard  Car  Hfg*  Co. 

1939*191(5,  Bead  of  Bng*.Lab.,  Curtiss  Wrl^t  Corp. 

I9l(5-’191|6,  Chief  Test  Engineer,  Columbia  Aircraft  Corp. 
19li6-Pre8*  Asst*  Dapt.  Head,  Znduetrial  Division,  Cornell  Aero- 
nautieal  Laboratory 
Houis  on  this  program  - 50 


Cseok,  E.  A* 

Af  ronautleal  University  (Chicago) 

1951“1953  U.  8.  Havy,  Aviation  Itetalsmith,  3rd  cl/iis,  and 
Airframe  Engineer  at  Corpus  (Jhrlstle 
1953-1951:  Aesletant  Aeronautical  Engineer,  Wind  Tunnel  Dept,, 
C^omell  Aeronautical  Laborat-ory 
Houw  on  this  pro;:: raw  - 8 


2 


h.  Kamrass^  U» 

Univ,  of  B.S.  in  Aeronautical  Engineering 

Unlv.  of  Buffalo^  M.S.  in  Hedianlcal  Engineering 
19k2-19hkf  Aerodynamlcist^  Stinson  Division^  Consolidated 
Vultee  Aircraft  Corp* 

19l*i*-19l*6,  U.  S«  Ainjr 

19U^Prer;.  Research  Engineer^  Industrial  DlTislon,  Cornell 
Aeronautical  Laboratory 
Hours  on.  this  program  - 1(60 


5.  Smith,  H.  !)• 

Clarkson  College  of  technology.  Bachelor  of  lledianlcal  Eng. 
1913-19^,  Fli^t  Test  Lustxunentation  Engineer,  Curtiss 
fW.^t  Corp. 

1950-Pre8.  Researdh  Kigineer,  Industrial  BlTisi  on,  Cornell 
Hodze  bn  this  prognan>  115 


6.  - ;ShC)eiisief  i’' H. 

lMt«  of  l^rlda,  B #8.  in  ieehanical  Engineering 
19l(6-^re8.  AS8oeiate  Re8eardi  Engineer,  Industrial  Division, 
Uc/ara  m tkda  progtwm  ^ 123 
B-2.  ’ Patents 


• 'i  '■ 


B-*^4  116  esis^ng  ^ients  are  applioablB  to  the  problan  at  hand. 


■;  ■•.  ’ 


patents 


Ho  patents  or  inventions  being  considered  for 


B«^»  Bsfertnoes 


1*  Bird,  Walter  f *|  Deslga  Hanual  for  Spherical  Air  Supported 
Badoms,  Oomell  Aeronautical  laboratory  Report  Ho.  lIB-66b-4)«-l, 
2 Ootcber  1950. 

2.  Dodge,  RJL.  and  Thompson,  M.J.,  Fluid  Msehanlos,  HoOraw  Bill 
Book  Oo.,  1937. 

3.  Brand,  L.,  Vector  and  Teneor  Analysis,  John  Wilsy  & Sons,  Inc., 
39liB. 

k*  Streeter,  V.L.,  Fluid  Dynamios,  HoOraw  Hill  Book  Co.,  Ino., 
19U8, 


5.  Harriot,  John  0.,  Blockage  Corrections  for  Three  Dlmeneiooel 
Flow  Closed  Throat  Wind  Tunnels,  with  Consideration  of  the 
If foot  of  CowprsBBlbllity,  XAGA  Report  995,  1950. 


B-J*.  Foimilae 

GeomBtllcal  Synbola 
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L..^a 

^ Side  Sle^tioQ 


View  A>A 


I'ig*  .1.  Badone  Geometxy 


Plan  Vldir 


b l/B  of  interaedtlon  of  base  with  plane  of  latitudinal 

‘ nitnle*:, 

'fiaditia  "of.. '13  inches . 

BadLns  of  latltn^al  olrole. . 

Aiiaath  angle  (fron  riaLatlve  fdnd), 

Bifte  angle  ; 

Angle  beteeeii  lyar  donponent  and  He.  (See  Fig.  2). 

Angle  ftott  bexlaontil  plane  throuj^  center  of  sphere.  / 
Angle  fnom  stagnation  point  on  sp^re 
Angle  between  tanginte  to  the  erown  great  olrele  and  the 
latitudinal  oirole  at  the  base  (See  Fig.  2). 

Direction  angle  of  tangent  to  radons  surface  (See  Fig.  3). 
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B-l(b  . (Hher  SBrnibols 

A Area 
D Drag 

d Drag  of  eleasatal  area 
K Pressure  eoeffloicnt  • 

Drag  ooeffldent 
1^  lift  eoeffioienb 
L Lift 

Fabric  load  along  great  oirole  through  Worth  Pole 
Wq  Fabric  load  In  latitudinal  direction 
K0  Fabric  load  in  longitudinal  dir  ection 
A.  Free  etrean  static  pressure 
q Dyna'i&io  pressure  ■ 2/2 

S Shef;r  force 

Wind  velocity  - 

X Ordlmte  in  wind  dlroetlon 
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Subs crip ts 


u Upper  hemisphere  of  radone 
1 Lover  hemisphere 


B-Uc.  Resolation  of  Forces  > To  compare  iheoiy  and  experiment  It  Is 
necessazy  to  resolve  force  components.  The  theozy  of  Ref.  1 calculates  Mq  and 
Nm,  vhereas  the  ei^erlment  nsasured  Integrated  values  of  Nq  and  S.  The  re- 
lationship between  these  coBqponente  le  shown  In  Fig.  2 belovs 


Fig«  2 r fiteioltttion  ct  Foroes 


B«4c(iy  of Win  the  lAtereectlon  angle  between  the 
great  oiroli  ihe  crown  ana  'ihe  latitudinal  circle  noinal  to  the  wind 
dlreotioh*  The  iagli  betii^  oirolee  (or  their  tangents)  varies  with 
aelaath* 
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rntrrtr 


s. 

■ / 
/ 

/ 

/ 

/ 

1 A 

y 

y 

y 


y 


y 


'^0 
Tangent  to  Crown  Circle 
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Tangeht  to  Latitudinal  Circle 


Fig.  3 Tangent  Diagrams 

Fig.  3 shows  diagrams  of  the  two  tangents  separately  to  Improve  clarity.  We 
h^^ve  the  following  expression  (e.f*  Ref.  3)t 

cos  M/  • Ig  ♦ Ag  e llg 

1^' 1,  m and  n are  direction  cosines  of  the  two  tangents  and  the  subfscripte 
f"iT'Ty  to  the  two  different  tangents. 


For  the  £mall  circle  tangent 
- 90®  and  ■’  coe  Ai  “ 0 


Hence  we 


don’t  need  nig  or ^2 


From  the  geonetzy  of  the  figure  we  have 


ftftB  \ ^ ainoc  ■ 

AO  AO 

AO  cos>^ 
AO 

w cosyd  sin 

- 90  ) 

ne  « cos 

a* 

Ai 

• 90 

1^  • cos 

(JO  -Vi) 

■ COsVj; 

Henoe 

cos  « COB  (90  -Vj^)  ooB/S  flin^  ♦ coeV^^^  cos  (90  -/d) 

• alnVj^  ooa/3  BiSkO(  * ooeV^I^  sln^ 

Butv^T  l8  a constant  ■ tan-1  -i-  ■ tan-1  ♦Ij^ 

A alnoi  ilnc< 

iB  a constant  • 67®i4.0* 

Btn/^  • .925,  oo^ff.  •380 


finally  than 

COB  U/m  0*360  Bln  l^tBurl  ji^joln  0 ♦ *925  cob 


B4|d«  Calculation  of  Lift  from  Pres  sure  Distribution 

B-4id(l)*  piaoratlcal  L^t  Dlatrtbutlcnt  The  preesure  dietribu- 
tlon  ever  a olaBeloii  sphere  in  viecoue  flow  was  aBSumed  ae  shown  In  Fig.  li, 
which  was  taken  from  Ref*  !•  This  distribution  was  assumed  to  be  symmetric 
about  the  wind  aads*  For  a coa^lete  sphere  no  vertical  force  would  exist, 
>Mit  for  the  truncated  radome  sphere  a vertical  force  is  obtained.  This  lift 


Cffli  be  e^ressed  in  diiXerentiai  form  by  the  equation 

^ - 2Kb  dx 

- 2K^^  - dx 
nhere  L is  lift 

K is  local  pressure  coefficient 


Fig.  $ Id^t  Blammts 


ttia  total  lift  ia  ths  integral  of  the  lift  over  each  strip. 

For  the  upstream  part  of  the  Sfhere  the  pressure  coefficient 
eouU  be  expressed  by  the  equation 


\Jb^  - dx 


K ■ 1 - ^ iln^  0 


(Haf.  k) 


Because  of  uisooeitF*  however > the  pressure  over  the  downstream 
part  of  the  sphere  does  not  follow  this  law.  To  calculate  the  total  lift 
theni  the  expression  for  dl/q  was  plotted  as  in  Fig.  6,  and  a planlneter 
used  to  obtain  thi  Integrated  value  of  the  lift  coefficient. 

B44d(2).  lift  Oalculatlon  Based  on  lieaaured  Free  sure  t The  cal- 
c\ilAtion  of  lift  from  measured  pressure  is  sffiiar  in  principle  to  that  of 
the  theoretloul  calculated  heretofore.  However,  the  meamired  prenonro  over 


l,.he  upper  heEiiiphere  of  tiie  T^dom  different  from  that  over  Icsnr 

hemisphere.  Therefore,  it  was  necessary  to  calculate  the  lift  contribu- 
tion of  the  upper  and  Icwer  parts  of  the  sphere  separately.  For  the  upper 
hemisphere  we  have 

a 2 K^r  dx  - 2KuJ B?  - dx 
For  the  lower  part  we  have 

dL/  A ■ (r  - b)  dx  » 2K^  (\|l^  - -\|b*  - x^)  dx 

where 

|x|<  /B/. 

I?  -7?  dx 


Then  the  total  lift 


This  sjtprsssion  la- also  plotted  in  Fig.  6 

B-Us,  Oaloulation  of  Drag  from  Pressure  Piet  Jibuti  on 

B-4(S(l)  IbqpsrlMent^  ^ hemisphere  can  be  divided  into 

slsments  nonaal  to  dlreotion  (rig.  7). 


5>l  t 


in 


irAc^'i  clci:w*nt  fe&B  a tr.,  ;:.l  axes, 

A mjfnRde  - TTR^  sin  9 d e 

The  drag  force  cm  eacih  element  of  the  appear  hemisphere  can  be  expressed 
d(Dn,)  ■ ^ Sin  © cos  0 d 0 

and  the  total  drag  is  then 

But 

^ ^ I dx«-Rbin0d0 
therefore  ^ 

Oh  the  lover  eurfebe  the  Area  la  a function  of  x.  Bach  element  has  a 
total  ahea.;:; 

(*f -|)  • 2^  sin  9 d0 

Ihere 

• tan*"^  nI  B^  •* 

, ■ h 

dO:^ ) • gf  ^ 21?  ein  0 008  0 d 0 (f  ) 
ttubatitatlng  aa  abore  fbr  the  fanotions  of  0 

D / 

"i"  " "®  X *'  * *' 

Mot*  ttet  for  ' 

/Xl>l»l  j /»-<? 

The  total  drag  can  then  be  expressed 

■j[-~ 

B-4it(2).  Theoretical  Dragi  The  theoretical  drag  can  be  calcu- 
lat?>d  ualng  the  VJnal  equation  of  paragraph  B-be(l)  above.  In  theoiy  how 

evor, 

- K 


3 


rr^  / 


Ku  Sin  6 cos  0 d 0 


-/< 

B-ltf  • Envelope  stresses t The  calculation  of  envelope  stresses  is 
done  according  to  the  methods  of  Ref*  1. 

Pt  - P|j(  + Pe  - (H(J  ♦ H9)  h 

uhere  Pj  is  the  total  pressure  differential  across  the  envelope  and  and  p0 
are  eonponents  of  P^  in  the  0 and  6 directions  respectively. 

B-$*  Measurement  Procedures 

B“$a»  Pressures 

B-^(l).  Qeneralt  Sixty  elg^t  pressure  teps  were  installed  in  the 
radons  and  toner  for  sensing  local  pressure  during  tests*  The  taps  were  fah- 
rioated  of  steel  bypodemic  tubing  installed  carefully  so  as  not  to  project 
beyond  the  local  surface  of  radons  or  tower*  Inside  Ihe  radome  the  tubes  were 
ocpneoted  to  Cannon  oonnSotors  by  means  of  flexible  plastic  tubing*  Thus,  it 
was  Jkieslble  to  connect  and  dlsconneot  the  pressure  lines  quickly  during  model 
OhangoS*  All  pressure  leads  were  checked  for  leaks  and  blodkagei  all  defects 
in  the  sSfWtem  were  corrected  before  the  tests*  Pressux^s  were  recorded  by 
phOtographixg  a backliid^ted  manonster  board* 

' |}-$a(2)«  Imrelope  Pressorei  forty«-nine  pressure  taps  were  install- 
ed in  the  radons. envelope*  iaciti  tap  consisted  of  an  *06$  inch  outside  dia- 
aster  tube  With  an  •Oltl.inoh  inside-diameter  v The  tubing  was  inserted  into 
a plastio  button  ihioh  was  osnsntsd  to  the  indide  surface  of  the  radome* 

The  pressure  taps  were  installed  on  one  side  of  the  radome  only,  but  effect- 
ively oovered  the  area  from  top  to  bottom  and  fzont  tu  rear* 

B-0a(3)«  Tower  Presenreet  Eighteen  pressure  taps  were  installed 
on  the  tower,  three  on  each  -of  six  facet  from  front  to  rear*  The  tape  were 
iiMtalled  In  the  oenter  of  oaOh  face  and  apaeed  equally  from  top  to  bottom* 

The  tubee  were  oemanted  In  place  in  holes  drilled  in  the  wood*. 

B-$a(li)  • Preseure  Inside  Envelope  t Air  was  supplied  to  the  enve- 
lope from  a high  pressure  line*  A continuous  supply  was  required  because 
there  was  eoma  leakage.  Pressure  inside  the  envelope  was  oontroUed  by  a 
needle  valve  In  the  line*  A (/-tube  containing  Iferxlaa  unity  oil  (spedflo 
gravity  of  1)  was  used  to  miasare  the  internal  pressure*  One  side  of  the 
Q-tube  was  oonmoted  to  the  tunnel  etagnation  pressure,  the  other  side  to 
the  itisida  of  the  envelope* 

B-5b.  Forcea 

Force  steamiremnta  were  *mde  during  the  model  tec te  wltJi 
otnaln  gages  Ir.etalled  on  tho  lift,  shear  and  pedestal  beamo  (Fig.  0).  The 

strain  page  algnalii  were  re^’orded  by  an  oscMlopr.-sph  coaT- 


(2)  All  itridJi  tH**  bonded  to  tht  BMsurlng  boaias  with  Duoo  oenent 
Md  Beltturt  ptxK>fod  vith  potrotone  wax# 


(3)  All  virlnf  it  thitldod  from  the  model  to  the  oeolllograph  amplifier 
0>^  » ttralB  gagt  la  toMpreteloa  (nozval  loading) 
df  m ttraitt  lift  la  itatiea  (aonnal  loading) 

i 

00  • atraia  gage  dtanjr 


ammnc  duoram  op  straih  oage  iNSTALUtioN 

riCORE  9. 


posed  of  a lit  chajinel  Coneolidated  Engineering  oscillogra.ph  and  associ- 
ated anplJfiers  and  galvanometers.  This  basic  system  uses  a 3KC  carrier 
and  has  an  overall  frequency  response  of  $00  cps.  Since  the  measuring 
aquipmenrc  was  capable  of  high  gain,  the  measuring  beams  were  designed  for 
operation  with  low  stresses.  This  was  done  to  limit  the  amount  of  relative 
Bwtion  between  the  tower  and  the  radome  and  thus  minimize  the  possibility 
of  model  flutter.  A two-aotive-ara  strain  gage  bridge  was  used  on  each 
measuring  beam  in  a manner  that  would  produce  tension  in  one  gage  and  com^- 
pressloa  in  the  other  when  the  beam  was  loaded.  To  prevent  temperature  ef- 
fects and  **01*088  talk"  the  dummy  gages  were  mounted  on  the  beam  base  to 
oo!!?)lote  the  bridge.  "Petrosene"  was  applied  over  the  completed  assembly 
to  affix  the  email  wires  and  provide  moisture  resistance. 

Ae  an  additional  precaution  agaijost  "cross-talk"  and  heterociyn- 
dng  or  "beating"  of  the  strain  gage  signals,  the  osolllators  supplying 
bridge  voltage  to  the  strain  gages  were  synchronized  together.  In  this 
wiQT,  all  oarrler  voltages  to  and  'from  the  bridges  were  in  phase. 

B-5b(2).  Since  it  was  neoessaiy  to  support  the  pedestal  plate 
with  three  beams  for  the  meaeurement  of  pedestal  reaction,  a summation 
strain  gage  circuit  was  required  as  eh  own  in  Fig.  9* 

B-^(3)«  The  couplets  recording  system  was  installed  and  pre- 
pared for  nee  before  Ihe  calibration  was  made.  The  model  was  installed  in 
the  test  area  and  a dead  wei^t  calibration  of  each  load  beam  was  performed. 

C.  BBTAIL  FACrm  DATA 

C-1.  Model 

C-la«  Envelope 

O-la(l).  The  envelope  was  fabricated  ^from  a two-ply,  bias 
ocnstruotedi  neoprene'  coated  nylon  ballonet  material,  weighing  a total  of 
6*60  ounces  per  sqpiars  yard.  It  was  obtained  through  the  Airship  Develop- 
ment Department  of  the  Ctoodyear  Tire  and  Rubber  Company,  Akron,  Ohio. 

CUla(2).  The  envelope  was  fabricated  of  2k  gores,  plus  a five- 
ladh  diameter  erdwn*  A flat  teoplate  was  made  for  the  gores,  the  template 
being  oalsulated  to  picvlde  a aeotor  of  a 27'*lnoh  diameter  sphere  with  a 
eut-^f  at  a baew  angle  of  67®  UO* . An  overlap  of  1/2  inch  was  allowed  on 
each  joint*  The  gores  were  arranged  Aith  alternate  right  and  left  bias  to 
avoid  poseible  tnlet  due  to  uneven  tension  in  the  plies.  Goodyear  type 
1822>0  Xeoprene  cement  with  Type  983  Accelerator  was  used  to  ceiw*nt  the 
fabric. 


C-lb.  Conetructlw  of  Tower  (See  Figs.  10  and  11) » The  tovor 
was  12  jUrtOhee  hlgH  an'di  l2’-e'ided  io  Biimjlabe  the  i^/VVR-b  arctic  tower.  Tho 
riiodol  tenor  was  25  inches  aeroee  tho  vertices.  It  wan  comtructod  of  1/2 
end  .3/U  inch  fir  plywood,  gusseted  for  rigidity.  Two  worlgon  worn  Bimllarly 
coratrueted  to  provide  for  tilting  tho  towor  15  and  30  dogrnrn  t-o  nlniulato 
ih*>  effoct  of  a hilltop  installation  (Fig. 11).  Attachment  of  the  trf‘'?or  to 
iho  tandgos  arid  to  the  tnnnol  floor  amn  mndr  by  bolts ^ The  bottom  of  tho 
h.u'l  A l£tr;ie  hols  to  permi  t aeeoo,'?  to  instrument  stf,'jehr'''M;tr  . 
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C-lc.  Balance  gystem:  The  balance  system  is  shoum  in  Fig.  12. 

The  system  was  designed  to  indicate  lift  and  shear  forces  at  12  evenly- 
spaced  positions  around  the  radome,  thus  simulating  -the  load  distribution 
into  the  12  columns  of  -the  fhll-scale  tower.  Actually,  forces  were  measured 
on  only  one  side  of  -the  radome  because  of  physical  and  aerodynamic  symmetry. 
Nevertheless,  the  dumqy  beams  and  supports  were  identical  -to  those  in  the 
»live"  side  except  for  -the  lack  of  strain  gages.  The  entire  system  was 
mounted  on  a lA  ^ch  steel  plate  containing  necessary  openings  for  instru- 
mentation leads. 

The  forces  fir>rti  the  envelope  were  Introduced  into  the  measuring 
beams  through  a 12-8ec-tor  ring  at  -the  base  of  the  radome.  The  shear 
load  on  each  30<-degree  secoor  was  measured  by  one  beam.  The  lift  beams 
were  located  at  -the  ends  of  the  sectors  so  that  each  lift  gage  measured 
part  of  the  load  from  each  of  the  -two  sectors.  Bach  lift  beam  was  oriented 
to  aeasure  loads  tangent  to  the  surface  of  the  radome.  Although  the  force 
and  react! on  -were  applied  as  close  to  the  surface  as  possible,  a small  couple 
actually  existed.  The  effect  of  this  couple  was  to  increase  the  measured 
lift.  Since  tUe  error  was  slight  and  in  the  conservative  direction,  no  cor- 
rection for  it  has  been  made  in  this  report. 

Bach  sector  of  the  base  ring  was  connec-bed  by  a metal  channel  to 
a cLroular  plate  at  -the  center  of  the  radome.  The  plate  was  supported  by  a 
shaft  but  could  move  laterally  so  as  -to  indicate  horizontal  fozxses  on  three 
bsaime.  These  beamajneasured  that  j^rt  of  the  drag  resulting  from  envelope 
..  distortion -itolch-SBsjpot  measured  by  -the  shear  gages.  The  lift  was  measured^ 
^TiSviMi  beams  an3r the  shea**  by  six  othcrc.  The  circuitry  and  instrumenta- 
tion associated  with  thie  system  are  described  in  para.  B-5b. 

C-ld.  Preeeure  Tapet  The  pressure  tape;  are  described  in  paragraph 

B-$a. 

0-2*.  ‘ Pata  - Oomparieon  cf  Measured  and  Theoretical 

•0-2a*  Gene  rail  For  design  purposes  there  are  a n\imber  of  loads 
which  oast  ba  determine?.  These  aret 

i*  lift  dlatrlbuticin 

2.  Over-all  llf^ 

3*  Shear  distribution 

It.  O^r-all  drag 

5*  Bnvelope  atreesee 

Then  are  s everal  possible  ways  of  arriving  at  those  values  for 
the  model,  lnol\xling  both  experlreental  as  well  as  theorstical  considerations , 
The  two  eocpenmintal  methods  serve  as  a check  on  the  acairacy  of  the  test  data 
sinoe  th<y  are  directly  ooanparable.  In  the  following  paragraphs  a discussion 
of  thes*  asthods  will  be  given  along  with  a chart  comparison  of  the  various 
results.  It  wj.H  be  noted  that  the  experimental  data  give  generally  higher 
loads  than  the  theoretical  calculations.  As  explained  in  pirngrnph  C-6,  Ihe 
Innreas©  Is  du9  to  the  difference  between  the  actAial  and  T>rer!fn)re  din- 

tr! buttons  which  arc  shown  In  Fig,  Ii. 
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Comparison  of  Measured  and. Theoretical  Data 


Loading 

Lift 

Distri- 

bution 

Over-all 

Lift 

(lbs.) 

Marl  rmiiTi 

Shear 
(lbs  ./in.) 

Over-all 

Drag 

(lbs.) 

Maximum 
Envelope 
Stresses 
(lbs ./in.) 

Experimental, 
based  on  bal- 
ance ^tem 

Fig.  Ui 

IBO 

0.9 

51.2* 

39.8 

- 

Experimental, 
based  on  prep-' 
sure  msasure- 
ments 

Fig.  6 

186 

52.1* 

U0.5 

9.00 

Based  on 
olaesioal 
sphere  |>re8- 
Bure  dist. 

Fig.  6 

lha 

mm 

30 

8.I48 

Based  on 

Badome 

- 

128.5 

l.k* 

1.2 

mm -t 

5U.2* 

U6.8 

8.ii8 

* Extrapolated  values  based  on  full  scale  Reynolds' 
nuBiber  (See  para* 

C-aj.  lift  DletribuUon 

0-^(1).  The  glance  ays  ten  measured  forc-'s  imposed  by  30-degree 
sectors  corrsspondlng  to  oolunn  spacing  in  the  AN/FTS-6  tower.  These  forces 
thus  represent  a eolumn  loading  imposed  by  the  radons  envelope  loads.  In 
order  to  oonpars  the  measured  forces  with  theoryf  the  theoretical  load  dls- 
tributionf  based  on  the  data  of  Rsf . 1^  was  calculated.  This  method  provides 
the  magnitudes  of  forces  along  latitudes  and  longitudes  of  the  sphere,  where- 
as the  forces  measured  by  the  model  balance  were  those  along  great  circles 
passing  through  the  crown  (top  of  vertical  center  line  of  the  radome).  As 
indicated  M paragraph  B,  it  was  necessary,  therefore,  to  resolve  N0  and  N0 
into  the  directimi  of  Nq  and  S*  The  equations  and  methods  of  calculation 
are  discussed  in  paragraph  B-Uc  of  this  report. 

C-2b(2).  Fig.  13  Is  a plot  of  theoretical  Nq  as  a function  of 
the  asliwith  angle  ©.  In  order  to  obtain  the  theoretical  loading  of  the 
strain  gages  the  over-all  contribution  of  the  various  sectors  van  detenained 
by  graphical  Integration  using  a planlmeter.  The  planlmeter  was  also  used 
to  determine  ths  centroid  of  the  load  areas.  The  load  on  each  lift  gfige 
then  consisted  of  contributions  from  the  two  soctorn  on  eaeh  side  of  3i. 

Farh  sector  loid  was  apt^ortl  oned  accorcMnn  to  the  centroid  of  Jin  Inrv!  nro'i. 


C-2b(3).  ComparLson  of  the  theory  inith  the  actual  strain  gage 
loading  is  ^oun  in  Figs*  li^a  and  lljb.  It  can  be  seen  that  the  insasured 
loads  are  higher  than  the  calculated  at  all  points  except  for  the  gages 
at  9 • 90  and  120  degrees.  This  agrees  closely  irith  the  pressure  distri- 
bution of  Fig.  k idiich  shoirs  higher  negative  pressures  at  all  points  ex- 
cept in  Ihe  region  from  about  90  to  120  degrees . 

C-2c.  Overfall  lift 

C-2c(l),  toerlmentali  The  over-*ll  lift  on  the  model  can  be 
determined  by  two  melEocET  One  involves  summing  up  the  contributions  from 
all  lift  gages ^ taking  Into  account  the  fact  that  the  gages  were  installed 
along  only  one  aide  of  the  model.  After  subtracting  the  upward  force  due 
to  iiitemal  pressure  in  the  radome,  the  actual  aerodynamic  lift  can  be  ob- 
tained. At  150  miles  per  hour  and  a tunn^  pressure  of  one  atmosphere^ 
the  aerodynamic  lift  thus  oaloulated  vas  160  pounds.  The  second  method  of 
oaloulatteg  over-all  lift  is  to  integrate  the  pressure  distribution  over 
the  radome.  The  method  used  is  outlined  in  paragraph  B of  this  report. 

The  total  lift  thus  oaloulated  for  the  1^  mile  per  hour  condition  was  166 
pounds.  Allhough  this  figure  is  a little  hi^er  than  that  obtained  by 
strain  gage  measurement,  the  difference  is  within  the  e^rimental  error. 

C-2o(2).  Calcg^ted  Liftt  The  lift  can  be  calculated  by  two 
different  methods.  (5ne  of  these  involves  integrating  the  classical  pres- 
sure distribution  over  the  radoms  as  described  in  paragraph  B-J^d.of 
report.  Assuming  a truncated  sphere  in  a viscous  fluid/  the  total  lift  ob- 
tained by  this  method  was  li(2  pounds.  The  second  method  of  calculation  is 
liven  in  the  Radoms  Design  Manual,  Ref.  1.  We  have  the  following  data  for 
the  medeli 


/?  <■  23  •$  Inches 

0 ■ 2!$0  mph 

f ■ .367J*  pel 

P0  ■ *36714  ♦ .036  ■ .I4O3U  !psi 
following  the  prooedura  in  Appendix  I of  Ref.  1 * 

It  • 1.92  and  the  over-all  lift  ■ 1.92  x .36714  x - 126.5 

pounds.  This  value  varies  from  the  purely  theoretical  case  because  it  takes 
Into  aoocunt  a-oorreotion  factor  for  the  effect  of  aerodynamic  interaction 
betwiAen  tbs  envelope  and  tower.  The  reason  for  both  of  the  calculated 
figures  being  lower  than  the  experimental  Is  explained  in  paragraph  C-6. 

C-2d.  ^ear 

C-2d(l),  Bxperlmqntal  She  an  ^loar  forces  were  mnanured  at  the 
base  of  the  radome  by  e train  gages  mounted  on  beams  arranr.ed  to  bond  In 
the  fore  and  aft  dlrectdons  (See  Fig.  8).  Bach  beam  urns  n etna  tod  by  the 
sum  of  forces  on  a 30  degree  sector.  The  results  of  then>!  nrnfnironrnts  am 
shorn  for  t»ie  one  atmosphere  condition  in  Fig,  15.  Since  ih^  mental 

polutn  in  , !’>  represent  integrated  Valnno  of  shear  IrAdlnr,  the 
trrw  nnit  nht-ar  is  not  known  accurntoiy.  a nlnunojdal  rti  rtrl  l uticn  J .'i  .ind!.- 


cated  hoirev«r,  since  the  general  (^.stribution  of  the  loading  is  quite 
flimilar  to  that  of  a sinusoidal  distribution  as  can  be  seen  in  Fig,  16. 

In  the  region  of  maxianim  shear  the  distribution  appears  fairly  flat. 
Therefore,  it  nould  be  reasonable  to  'c?lculate  the  approximate  maximum  shear 
load  singly  by  dividing  the  faired  value  in  Pig.  16  by  the  length  of  arc. 
This  gives  a maxiinum  shear  value  of  approximately  0.9  pounds  per  inch. 

C>2d(2)  Calculated  Shear:  The  shear  can  be  calculated  from  the 
resolution  of  the  forces  N0  and  N0  as  described  in  paragraph  &>Uo.  However, 
this  calculation  does  not  account  for  the  redistribution  of  load  in  the 
fabric  and  base  so  that  a misleading  indication  of  the  true  shear  is  ob- 
tained by  this  method.  The  Radome  .Design  Ifanual  (Bef . 1)  recommends  the 
use  of  a sinusoidal  shear  distribution  which  seems  to  Indicate  reasonably 
well  the  general  shape  of  the  measured  shear  distribution.  Cospirlsons  be- 
tween the  nsasured  and  calculated  shear  loadings  is  given  in  Fig.  16.  The 
maximum  unit  lAiear  load  predicted  by  this  method  can  be  calculated  from 
the  equation  (according  to  Appendix  I,  Itof . 1) . 

^ - 3.1fl  Kpq  H/sin/f 
where  is  the  corrected  drag  coefficient 

^ is  the  base  anidc 

In  the  1$0  miles  per  hour  test  we  obtained 

^ ■ .316  X .7  y.367U  x 13.$/.925  ■ 1.2  pounds  per  inch 
If  the  extnpolated  drag  coefficient  (Fig.  19)  is  used 
S • l.U  pounds  per  inch 

-t 

0-2e.  Over-all  Drag 

0-2e(l),  Maqperimentalt  Two  methods  exist  for  caloulatlng  the 
total  drag  ftom  the  tunnel  test  data.  O^e  method  is  to  sum  up  all 
the  reanmrd  oogq>onMit8  of  the  shear  gage  loads  taking  into  account  the 
faot  that  the  gages  were  mounted  on  only  one  side  of  the  radome.  If  the 
fores  measured  by  a strain  gage  is  oalled  F,  then  the  contribution  of  the 
ipige  to  drag  la  f ein  oC  • The  total  of  all  the  rearward  forces  thus  summed 
for  the  150  milea  per  hour,  one  atmosphere  test,  gives  a total  drag  of  39*8 
pounds.  Ths  saoond  msthod  of  ealoulating  the  drag  is  to  sxm  up  the  rear- 
ward eoBponants  of  ths  pressurs  forces.  This  method  of  calculation  is  de- 
tailed ii^  paragraph  B-Ue«  Pig*  17  is  a graph  of  the  drag  forces  as  a func- 
tion of  fore  and  aft  l^atien.  Integration  of  these  forces  by  moans  of  a 
planlneter  results  in  a drag  of  ltO.5  pounds  from  the  experimontal  pressure 
distribution  which  agrees  closely  with  the  atraln  gage  result. 

C-2e(2).  Theoretloalt  The  theoretical  drag  can  be  calculated  by 
Sntegratdng  the  forces  resulting  from  the  ■jlasaleal  pressure  dlfitrlhutJon 
as  detailed  In  paragraph  B-he.  The  result  of  this  calculation  is  a total 
drag  of  30  pou’.'jda  at  193  miles  per  hour.  This  figure  in  loror  than  rx 


perimental  drag  because  the  assumed  pressure  distribution  is  lower,  as 
is  discussed  in  paragraph  C-6.  Another  calculation  is  recommended  in 
the  Design  Manual  (Bef.  1),  We  have  the  equation 

D - Kjj  q 

where  Kjj  is  the  drag  coefficient.  Appendix  I of  Ref.  1 recommends  a value 
of  Kq  - ,7  Tiiich  takes  into  account  the  interference  between  the  tower  and 
the  envelope.  Calculating  for  the  1^0  miles  per  hour  test 

D - .7  X .367li  X 13  - ii6,8  pounds 

This  result  is  somewhat  higher  than  the  experimental  drag.  However,  the 
tests  show  that  the  effect  of  increasing  Reynolds'  number  is  to  increase 
the  dxw.g  coefficient  (See  para.  C-U)*  If  this  increase  is  taken  into  ac- 
count a drag  coefficient  of  about  0.81  is  indicated.  Then 

D ■ 0.8l  X .367U  X 1375^  ■ 5li.2  pounds 

C-2f . Envelope  Stresses 

C^SfCl)  Experimental < In  accordance  with  Ref,  1,  the  envelope 
stresses  are  divided  into  two  perpendicular  components,  and  No,  which 
can  be  considered  as  acting  ^long  lines  -inf  logons  to  latitudes  and  longi- 
tudes on  the  earth.  On  the  radons  the  lon^tudes  all  pass  through  the 
stagnation  point  which  thus  is  analogous  to  the  North  Pole . NjJ  represents 
the  force  per  unit  length  along  a longitudinal  line  while  Na  represents 
the  latitudinal  force.  The  region  of  maximum  fabric  loading  occurs  some- 
where in  the  region  between  the  maximum  dia-oter  and  the  point  idiero  the 
net  drag  force  is  sero  (approximately  ot  ■ 60  degrees).  The  calculation 
Is  made  by  oonsidering  that  Nji  at  any  point  must  balance  the  sum  of  all 
drag  components  plus  the  internal  pressure  to  that  point.  The  sum  of  the 
drag  components  is  detemlnsd  by  integrating  the  area  under  the  drag  dis- 
tribution ourve.  Fig*  17|  from  the  stagnation  point  to  the  point  under  con- 
sideration. In  these  oaloulations,  redistribution  of  drag  load  through 
the  envelope  to  the  base  ie  neglected.  This  results  In  a slightly  conser- 
vative value  for  N^.  In  determining  values  for  design,  the  calculated 
value  of  Ng<  (at  the  base)  ie  corrected  to  include  a term  based  on  drag 
dlstrlbutlbn  (Ref.  1,  Appendix  I). 

The  folloiring  are  the  equations  usedi 
*'<■  * 

^ O ^ - 


whf-rf-  It.  is  thr 
to  drag. 


fabric  load  due  to  Internal  pressure  and  is  the  load 
r r, 


e 


!( 


r(PT  " 


is  the  total  presstire  difference  across  the  radome  surface  at  the  point 
in  question  as  determined  by  subtracting  the  external  from  the  internal 
pressure.  The  following  table  is  a summaiy  of  the  results  for  several 
points  in  tlie  region  in  question: 


OL 

* 

N0 

Ne 

60.7 

2.91 

8.03 

75 

3.85 

9.00 

90 

l*.oU 

8.51 

Uncorrected  for  redis- 
tribution of  drag. 


It  Is  apparent  that  the  naxifflum  fabric  load  occurs  at  about  the  75  degree 
position. 


C-2f(2)  Calculated:  The  maximum  envelope  stress  can  be  calcu- 
lated by  using  the  formula  given  In  Appendix  I of  Ref.  1,  The  stress  at 
the  base  Is  given  by  ’ 

Nq  - (l.l6q  + .5Pp)R 

- (1.16  X .367li  ♦ .2017)13.5 

■ 8.ii8  pounds/lnch 

N0  ■ (.193q  ♦ .5Pq)R  ♦ .^35  % qR 

- (.193  X .3671*  + .2017)13.5  ♦ .68$  x .7  x .36?!*  x 13.5 

■ 5.88  pounds/lnch 

It  can  be  seen  that  the  maxlmim  fabric  stress  as  calculated  from  the  e.r- 
perlmental  data  Is  slightly  higher  than  the  calculated. 


C-3.  Bffect  of  Terrain:  A likely  choice  for  a radome  installation 
site  «ould[  be  a hilltop.  In  order  to  investigate  the  effect  of  such  ter- 
rain on  the  radome  aerodynamlo  forces,  two  wedges  wore  fabricated.  These 
wedges,  which  were  12-Bided  like  the  tower,  tilted  the  tower  back  15  and  30 
degrees  respectively  to  simulate  the  effect  of  winds  sweeping  up  a hill. 

The  results  of  these  tests  on  the  lift  gages  are  shown  in  Fig.  18,  It  can 
be  seen  that  no  substantial  change  In  loading  occurs  with  angle  of  tilt. 

The  maxlnura  loads  as  shown  by  the  gages  at  6o  and  90  degrees  show  a reduc- 
tion of  load  as  the  t-ower  is  tilted. 

O-b..  Effect  of  Reynolds*  Humber:  Reynolds'  number  Is  khomi  to  affect 
the  point  of  boiovTjTrj'  layer  transition.  At  very  low  Reynolds'  niimhers  the 
V>nimi«ry  layer  in  laminar  and  sep-sration  of  flow  occurs  close  to  the  rmxln-nni 
sphere  dianriet'.  Hovf-'ver,  wlien  the  lt»ynnldn*  n\imher  in  "eri  t, ! r.d" , 


V’ 


the  boundary  layer  is  turbulent  and  separation  is  delayed  until  the  flow  ir. 
wall  back  along  the  sphere.  Thus  the  wake  and,  therefore,  the  drag  is  re- 
duced. Fora  sphere,  the  critical  Reynolds’  number  is  in  the  range  of 
about  220,000  to  280,000,  (Ref.  2).  The  Reynolds'  numbers  of  the  tests  re- 
ported herein  ranged  from  about  ^00,000  to  5,000,000,  nfcich  is  well  above 
the  critical,  although  below  the  full  scale  value  of  over  100,000,000. 

Early  test  results  with  the  radome  had  indicated  an  upward  trend 
in  drag  coefficient  with  Reynolds'  number  above  critical.  Therefore,  higher 
drag  values  than  those  measured  were  recommended  in  Ref.  1,  In  order  to  ob- 
tain further  information  on  this  point,  the  more  recent  wind  tunnel  tests 
were  run  at  the  widest  possible  range  of  Reynolds'  numbers.  In  Fig.  19,  the 
measured  drag  coefficient  for  the  various  wind  tunnel  tests  with  the  tower 
level  are  plotted  as  a function  of  Reynolds*  nuAber.  A definite  upward  trend 
appears  in  the  data.  A curve  drawn  through  the  data  is  extrapolated  to  about 
the  full  scale  radome  Reynolds'  number.  The  shape  of  this  curve  was  chosen 
to  be  roughly  similar  to  the  usual  asymptotic  shapes  found  in  such  curves. 
See,  for  example.  Ref.,  2.  Unfortunately,  there  are  no  other  data  for  such 
large  Reynolds*  numbers  so  that  the  accuracy  of  the  extrapolation  cannot  be 
checked.  In  view  of  the  scatter  of  the  data,  high  accuracy  is  not  claimed 
for  this  curve,  but  the  maximum  value  is  believed  to  be  conservative.  No 
large  change  in  pressure  distribution  would  be  e3q)ected  to  occur  at  such  a 
hi^  range  of  Reynolds*  numbers  because  the  effect  of  viscous  forces  would 
be  vanishingly  small. 

C-5«  Effect  of  Internal  Pressure  i During  the  wind  tunnel  tests  the  in- 
ternal pressure  of  the  radome  was  usually  kept  at  one  inch  of  water  pressure 
above  stagnation  pressure.  In  some  of  the  tests,  however,  the  Internal  pres- 
sure was  varied  over  a range  of  plus  or  minus  two  inches  of  water  from  the 
stagnation  pressure.  No  change  in  radome  be'^^avior  was  noted  except  for  some 
flattening  of  the  envelope  in  the  stagnation  region.  Examination  of  the 
pressure  data  indicated  a small  change  in  pressure  distribution,  particularly 
at  the  lowest  Internal  pressure.  The  change  was  smaxl,  however,  so  that  the 
tolerance  for  internal  pressure  can  be  increased. 

0-6,  Wind  Tunnel  Blockage  Correction:  Because  the  maximum  Mach  number 
of  the  tes't  wa!o  fairly  low  and  the  txinnol  large  compared  to  the  model,  wind 
tunnel  blockage  corrections  were  expected  to  be  small.  The  correction  will 
be  calculated  here  by  the  method  of  Ref,  5,  to  show  that  such  is  the  case. 

The  corrections  to  Mach  number  and  dynamic  pressures  are  as  fol- 
lows i 

« - «u.[i  - C(1  ♦ 0.2  uj)} 

q > [l  . 0(2  - U^^)] 


Tfttiere 


uncorrected  Mach  number 


Cj^  is  uncorrected  cjynamic  pressure 
C is  blockage  correction  factor 


C - 


is  the  wing  (tower)  blockage  correction 


X 

/S^ 


Oj^  is  the  body  (sphere)  blockage  correction 


.X 

c-*'- 


C|^  is  the  wake  blockage  correction 


i-C 


The  Tarious  terns  of  the  corrections  are  defined  below.  For  pur- 
poses of  conqputation^  the  hi£$iest  speed  will  be  assumed  so  as  to  obtain  the 
maximum  correction.  The  radome  and  tower  will  be  assumed  to  approximate  the 
shape  of  a prolate  spheroid  plus  an  elliptical  wing,  each  having  a thickness 
ratio  of  unity. 


.where 


The  terns  in  the  equations  are  evaluated  as  follows t 

\/T-.  m2  - 0.96U 

K • .27 


.855 
.859 
96  ft.^ 
.852  ft 
.7li5  ft.-5 


Cj)  ••  drag  coefficient 
S » model  area 


• shape  factor  for  tower  » T;  .772 
shape  factor  for  sphere  - 1.329 
7w  * configuration  factor  for  tower  - 

Ti  m configuration  factor  for  sphere  ■ 

C •*  tunnel  cross-sectional  area  •> 

■>  volume  of  tower  ■ 

Vg  ••  volume  of  sphere  ■ 


• 0.25  (asjnjtned) 
- 6.00  ft. 2 


No/r  inserting  these  values  into  the  equations 


Kff  » .001$ 

■ .00101  ' 

. .OOU33 

K - .00688 

Substituting  K into  the  corrections  for  M and  q we  get 

M 

- 1-007 

4-  “ l-Olit 

9k, 

Since  the  maximum  oo:  rection  is  less  than  one  per  cent  in  Uacli 
number  and  less  than  1-1/2  pox'  cent  in  c^namic  pressure,  wind  tunnel  cor- 
rections have  been  neglected  for  liiese  tests. 

C-7.  Discussion 


C-7c>-  Generali  The  discussion  and  comments  below  are  based  pri- 
marily on  the  te^t  results  at  1^  ana  one  atmosphere,  since  this  was 
the  only  condition  for  which  the  test  data  were  extensively  analyzed.  How- 
ever, examination  of  the  unccrrected  test  data  indicated  relatively  uniform 
characteristics  and  it  is  believed  that  the  150  mfjh.  condition  is  repre- 
sentative of  other  test  conditions.  The  test  results  are  discussed  in  de- 
tail below.  Design  recommendations,  based  on  the  results  of  these  tests, 
are  given  in  Part  II. 


O-Tb.  Pressure  Distribution:  Of  major  interest  is  the  difference 
to  the  pressure  distribution  over  the  surface  of  the  radome.  It  is  evident 
from  the  results  of  these  tests  that  the  tower  base  has  a greater  Influence 
OVBT  the  radonm  than  indicated  by  Ref.  1,  TShereas  it  was 
orlglJ«lly  expected  that  the  Influence  on  the  airflow  would  be  limited  to 
th®  lower  pert#  of  tiho  redonoi  these  tes’ts  ehovr  the  influence  to  extend  over 
the  entire  surface.  The  maximum  negative  pressures  are  higher  than  those 
predioted  by  potential  flow  around  a sphere  and  peak  pressures  occur  approxi- 
mately 75  degrees  aft  of  the  stagnation  point  rather  than  90  degrees.  Also, 
tM  pressures  on  the  Icwer  part  of  the  radome,  where  the  influence  of  air- 
flow around  the  base  would  be  expected  to  be  greatest,  are  lower,  nether 
than  higher,  as  originally  estimated.  Although  these  changes  are  relatively 
small  they  have  a significant  Influence  on  the  overall  lift,  drag  and,  es- 
pecially on  the  distribution  of  load  and  stress  in  the  envelope,  Thenc  con- 
ditions are  discussed  in  detail  belowi 


Lift t Lift  loads  wore  calculated  unln/r  both  strain  g-jge 
values  and  pressure  tap  results  obtained  during  tests.  Good  agreement  was 
obtained  between  tlie  two  methods  for  hofh  the  total  lift  and  for  dlstrlbu- 
lion  of  lift  lof  ds.  Both  the  maximum  and  the  t/>tal  lift  Ifvids  i,o  pr 

to  percent,  higher  th,nn  those  calculated,  \inlnr'  the  dor  •■leal  rr^.‘cr>nv. 


distribution  around  a sphere  (see  Table  I,  page  21).  The  difference  between 
the  measiared  total  lift  and  that  calcailated  by  the  method  recommended  in  Ref. 
1 is  even  greater.  The  reason  for  this  is  that  the  Manxial  recommends  a cor- 
rection to  account  for  higher  negative  pressure  distribution  over  the  bottom 
part  of  the  envelope,  ■whereas  the  wind  tunnel  test  indicated  lower  values. 
The  higher  values  shown  in  these  tests  appear  -to  be  reasonable  and  should  be 
used  |is  a basis  for  future  designs. 

Drags  Similarly,  “the  measurements  of  drag  by  pressure 
-taps  and  strain  gages  showed  good  agreement  and  are  about  one-third  higher 
than  the  drag  predicted  by  the  classlcatl  pressure  distribution.  However, 
the  measured  drag  values  are  approocimately  1^  percent  less  than  those  based 
on  -the  Uanual  (Bef.  1),  as  a correction  had  been  included  to  account  for 
added  drag  due  to  tower  Interference. 

Even  higher  drag  loads  are  predicted  for  the  full  scale  radome 
based  on  -the  apparent  Increase  in  drag  coefficient  with  Reynolds'  number. 

This  investigation  is  discussed  more  fully  in  p&ragraph  C-U,  but  extrapo- 
lation of  -the  test  da-ta  indicates  a drag  coefficient  of  0.81  as  compared 
to  •?«  if  based  on  Ref.  1.  This  16  percent  Increase  in  drag  load  is  prob- 
ably conservative  but,  as  this  increase  in  drag  coefficient  at  higher 
Reynolds'  number  is  indicated  by  test,  it  is  recommended  that  higher  drag 
values  be  used  in  the  design  of  large  radomes. 

Sheart  Ref.  1 Manual  recommoids  -that  drag  loads  be  trans- 
ferred to  the  base  as  shear,  using  a siruscidal  distribution  of  shear  load 
with  the  maxinum  value  occurring  at  the  90  degree  point.  A sinusoidal 
shear  distribution,  using  the  total  drag  load  based  on  classical  pressure 
distribution  over  a sphere,  is  shown  on  Fig.  16.  Shears  measured  on  the 
30  degree  segments  during  wind  tunnel  tests  closely  approximate  the  sinus- 
oidal distribution  previously  assumed,  but  vre  somewhat  hi^er  due  to  the 
higher  drag  loads.  The  exact  distribution  of  shear  load  cannot  be  readily 
measured  but,  because  of  the  close  agreement  indicated  in  Fig.  16,  use  of 
a sinusoidal  distribution  is  recommended. 

C«*7f*  Envelope  Streset  The  calculations  bused  on  wind  tunnel 
test  results  indioate  approxlmt^y  a 6 percent  increase  in  the  maximum 
envelope  stress  R0  over  values  oaloulated  as  recommended  in  the  Manual, 

Ref.  1.  However,  because  of  the  generally  higher  negative  pressures  acting 
on  the  stirfaoe  of  the  radome  and  the  higher  drag  loads,  the  calculated 
maximum  value  of  Nv  is  approximately  12  percent  higher  than  the  value  as 
determined  by  the  Manual. 

It  is  interesting  to  note  that  the  value  of  N.  (rcpronor.ting  tho 
lift  component  of  load)  increased  only  6 percent,  while^th?  total  lift  load 
increased  approximately  U5  percent,  tils  difference  is  duo  to  tho  dian^o 
In  pro&dure  dldtrihutlon  idulch  Indicates  that  the  peak  loads  arc  spread  out 
over  a much  larger  part  of  the  radome,  rooult5.ng  In  hlnhor  t^tal  loads  with 
a relatively  ssnall  increase  in  peak  values.  Al'though  the  In  Increased  by 
a large  percer.tago,  this  value  is  not  critical  for  design.  ^The  rr'ciVliant 
effect  of  the  change  in  pi'cnmire  di  ntrl  but  1 on  on  onvelopf'  rlrr'mor,  in  thvr 

CfTiall, 


C-7g«  Effect  of  Terraim  The  effect  of  installing  the  radome 
on  a hilltop  is  to  increase  certain  stresses  in  the  envelope  and  attach- 
ment. However,  the  effect  is  small  and  does  not  apply  to  the  maximuin 
loads.  Therefore,  it  is  believed  that  this  factor  can  be  neglected  in 
design. 

C-7h,  Effect  of  Reynolds*  Ntmtber:  Test  results  indicate  a de- 
finite Increase  in  drag  coefficient  at  higher  Reynolds*  number.  Although 
it  is  believed  that  the  values  obtained  by  extrapolating  the  test  data 
are  conservative,  the  higher  values  should  be  used  in  calculating  maximum 
drag  loads  for  large  radomes. 


PART  II 


RBCOMMENDATICNS 


A.  Aeroctirnamic  Loading  of  Radome 

The  pressure  distribution  determined  in  the  nind  tunnel  tests 
carried  out  on  this  program  is  believed  to  represent  more  accurately  the 
aerodynamic  loading  of  a radome -Lower  unit  similar  to  the  AJf/FPS-6  in- 
stallation than  the  theoretical  distribution  given  in  Ref.  1 Uanual. 
Therefore y it  is  recommended  that  the  desigi  loads  for  both  the  radome 
and  tower  be  based  on  this  new  distribution.  It  is  beyond  the  scope  of 
this  program  to  make  corrections  to  the  Manual  to  acco\mt  fully  for  the 
influence  of  the  modified  pressure  distribution  on  the  radome  and  tower 
loads.  It  is  rerommended  that  a revised  Radome  Desigtx  Manual  be  issued 
to  incorporate  thase  modifications.  However,  In  order  to  provide  an  in- 
terim basis  for  design  of  new  equlimient,  correction  factors  are  recom- 
mended herein. 

B.  Tower  Loading 

The  tower  loading  from  the  radome  results  from  both  the  aero- 
dynamio  loading  on  the  radome  envelope  and  the  radome  inflation  pressure. 
The  distribution  of  these  loads  depends  primarily  on  the  tower  platform 
design.  For  exaa^lSf  if  the  tower  platform  is  supported  entirely  from 
the  outer  columns  of  the  tower,  the  platform  loading  due  to  dead  weight 
and  inflation  pressure  would  be  reacted  at  the  sides  of  the  platform  And 
the  resultant  of  aerod^ynamlo  and  pressure  loads  on  the  columns  would  be 
reduced*  On  the  other  hand,  with  a platform  design  such  as  that  employed 
on  the  PFS-6f  which  uses  Intezlor  supporting*  columns  in  addition  to  the 
exterior  oolumns,  the  majority  of  the  dead  weight  and  pressure  loading 
may  be  supported  by  the  interior  oolumns  and  the  res'iltant  loading  on  the 
exterior  oolumns  would  be  increased.  As  the  structural  design  of  the 
towers  varies  widely  between  the  different  installations,  no  attempt  has 
been  made  to  suggest  a detailed  loading  schedule.  However,  in  order  to 
provide  data  that  will  be  helpful  to  the  design  engineer,  maximum  design 
load  valnee  are  recommended  and  methods  of  applying  these  loads  to  the 
structure  are  suggested. 

Another  point  of  interest  in  the  design  of  radome  towers  is 
that  the  peak  lift  and  drag  (shear)  forces  occur  simultaneously  In  the 
same  general  area  (75  to  ^ degrees  from  stagnation  point).  However, 
as  the  stagnation  point  shifts  with  the  wind  and  may  occur  at  any  point 
around  the  radome,  the  tower  structure  must  be  designed  to  support  these 
peak  loads  with  winds  from  any  direction. 

R-1,  Lift  ti(V>ds> 

B-Ia..  The  total  lift,  as  detemlned  from  wind  binTV’l  Irvulr;,  wnn 
approximately  4*,)  percent  higher  Oum  vn  h)<‘'n  da tr*i  mined  ae  neii  in.  d i n 


Ref.  1 Manual,  It  is  recommended  that,  in  calculating  the  loading  for  a 
radome  of  new  design  in  accordance  with  the  methods  outlined  in  the  Manual, 
values  of  Kj^,  given  in  Fig.  19,  be  increased  by  a factor  of  1.U5* 

B-lb,  The  total  lift  load  thus  determined  will  be  appreciabl^- 
hi^er  than  that  previously  recommended.  However,  this  value  cannot  be 
used  directly  in  design  as  the  distribution  of  load  is  not  uniform  around 
the  periphery  of  the  tower.  The  inqportant  design  value  is  the  maximum  column 
loading.  Based  on  the  values  deteridned  with  the  balance  system  (Figs.  Ilia 
and  liib),  it  is  recommended  that  each  column  be  designed  to  support  a load 
equal  to  percent  of  the  maxionim  lift  load  as  calculated  above.  B'or  de- 
sign purposes,  this  load  can  be  considered  oinlformly  distributed  over  the 
30  degree  segment  between  columns  or  as  a concentrated  load  for  the  design 
of  the  columns  and  their  attachment  to  the  platform. 

B-2,  Drag  Loads  (Shear) » 

B-2a.  In  order  to  account  for  the  Indicated  increase  ^ drag  co- 
efficient at  higher  Reynolds*  number,  it  is  recommended  that,  in  calculating 
total  drag  load  for  new  radar  tower  designs,  the  value  of  Kj)  (Ref.  1,  Fig. 
lU)  be  increased  ly  a factor  of  1.16. 

B-2b«  Drag  load  is  transferred  into  the  tower  as  shear.  Maximum 
shear  values  will,  therefore.  Increase  directly  with  the  value  of  (above) . 
Itexi.imim  ehear  values  at  the  base  may  therefore  be  calculated  as  recommended 
in  Appendix  I,  Ref.  1,  using  the  corrected  value  of  The  sinusoidal  dis- 
tribution of  shear  load  Mcommended  in  Ref.  1 is  believed  to  be  representa- 
tive of  actual  loading  conditions. 

B-2o.  Because  of  the  shear  resistance  of  the  tower  platform,  peak 
■hear  loads  at  the  radoms  attaohmsnt  can  generally  be  considered  to  be  dis- 
tributed by  the  tower  platform  floor  plates  iXd  reacted  by  the  exterior 
oolumn  shear  bracing  or  side  panels  in  proportion  to  the  relative  stiffness 
of  these  menibers.  (If  Interior  oolumn  shear  bracing  is  used,  these  members 
will  also  help  oarzy  drag  load  to  the  base  of  tower) . This  redistribution 
of  load  should  be  taken  into  account  in  designing  the  tower  structure. 

Based  on  a sinusoidal  dlstzlbution,  it  is  recommended  that  the  tower  poat- 
form  be  designed  so  that  a 30  degree  segment  of  the  tower  structure  can 
support  approxlMately  15  percent  of  the  total  shear  load. 

B-2d.  Ae  the  overturning  moment  at  the  tower  platform  is  a di- 
rect function  of  the  drag  load,  for  design  purposes  the  values  of  KL 
(Ref,  1,  Fig.  19)  should  also  be  increased  by  a factor  of  1,16. 

Hotel 

These  values  must  be  corrected  by  the  reaction  to  dead 

wel^t  and  Inflation  pros  sure  dovolopod  at  the  outer 

oolumnfl.  This  reaction  will  depend  on  the  toner  denlfvi 

an  dlRcusfted  in  pamgraph  B,  Part  II. 
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B-3.  Radorae  Attachment  Loads 


B-3a.  As  peak  lift  and  shear  loads  occur  simultaneously  and  at 
approximately  the  same  point,  the  radome  attachment  must  be  designed  to  i 

withstand  these  peak  loads.  The  maximum  vertical  fabric  load  (pounds  per 
inch  - tangential  to  surface  of  envelope)  is  given  by  Nq  at  the  base  (see 
Para.  C,  Part  II). 

B-3b.  The  peak  shear  value  S is  calculated  as  recommended  in 
Appendix  I,  Ref.  1,  using  modified  values  of  (see  Para.  B-2a,  Part  II)  • 

B-3c.  The  tower  platform  must  be  designed  locally  to  resist 
and  redistribute  these  peak  attachment  loads. 

C.  Envelope  Stresses 

Wind  tunnel  tests  Indicate  a peak  stress  (Nq)  only  6%  hi^er  ths^*  V 
that  calculated,  as  recommended  In  the  Uanual  (Ref.  1).  However,  hl^ 
occurs  over  a wider  area  of  the  radome . Peak  longitudinal  loads  increase  ^ 
a larger  percentage  but  are  not  critical  for  design.  It  Is  therefore  recoi®"^ 
mended  that,  for  new  designs,  the  maximum  fabric  load  Nq,  calcula-ted  as  rs" 
commended  in  the  llanual  (Ref.  1),  be  Increased  by  a factor  of  1.06.  As  thi^ 
dxange  Is  small,  and  as  the  Uanual  recommends  a minimum  factor  of  safety  ot  J 
three  (3),  no  change  Is  recommended  in  the  material  specification  for  radoJ®|^ 
now  in  pr^uctlon,  unless  service  experience  Indicates  that  a higher  stren^'®’^ 
material  is  reqtiired. 

D.  Required  Inflation  Pressure 

Wind  tunnel  tests  indicate  that  inflation  pressure  is  not  crltlcA^ 
with  regard  to  pressure  distribution  vr  stability  (for  radome-tower  config^^ 
rations  similar  to  the  AN/FPS--6,  tislng  a two-ply,  degree  bias  constructed 
radome  envelope) . In  order  to  keep  envelope  stresses  to  a minimum,  it  is 
therefore  recommended  that  a minimum  inflation  pressure  equal  to  "q'’  be  used 
as  a basis  for  design  of  the  pressurization  equipment,  and  that  the  maximum 
pressure  be  kept  ae  low  as  possible.  These  values  will  permit  a pressure 
variation  of  at  least  two  Inches  of  water,  due  to  operational  tolerances, 
without  adversely  affecting  the  stability  of  the  radomes. 

B.  Effect  of  Terrain 

As  critical  envelope  stresses  and  tower  loads  are  not  increased 
ehen  airflow  is  directed  up  over  the  radome  at  angles  up  to  30  degrees 
(Simulating  hilltop  locations),  this  condlUon  need  not  be  considered  in 
the  design  of  the  radome  or  tower. 


